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This thesis takes a critical look at the fragmentation and blast pressures cre-
ated by a 23-mm High Explosive Incendiary (HEI) projectile. The current body
of knowledge describing the processes is reviewed. Discrepancies and gaps in this
knowledge are highlighted and examined. Several hypotheses are suggested along

with evidence suggesting their truth.

These hypotheses were tested in the simulation developed as part of this thesis
effort. The projectile characteristic fragment patterns from the simulation were
compared to those reported in the literature. Preliminary results indicate the need

for additional data and live HHEI testing.

A modular simulation of the HEI fragmentation and blast pressure was devel-
oped which allows the user to implement any dry bay and component configuration.
A specific attack scenario must also be nrovided by the user. The attack scenario
specifies the projectile to dry bay obliquity angle and rotation, along with velocity

and fuse detonation delay.

The modular implementation allows additional HEI projectiles to be included
by adding a single data module. The HEI data module specifies the static detonation
dispersion data for a specific HEI type. This implementation therefore allows various

projectiles to be tested in unlimited configurations of the dry bay.

XV




MODULAR SIMULATION OF
HEI FRAGMENTS AND BLAST PRESSURE

I. The Problem

Dry bay fires and explosions are major causes of aircraft losscs both
in combat and peacetime operations. Dry bays are compartmen:s or
internal volumes that frequently contain bleed-air, fuel, hydraulic, or
coolant lines; electrical and other cables; and containers. They may be
located in the leading edges of wings or in the fuselage (Figure [1. Combat
damage or equipment can release fluids from adjacent areas or fromn the
lines into the dry bays. An ignition source could ignite the vapors. (17:1)

There are several ongoing programs to assess aircraft survivability. One such
program is the Joint Live Fire (JLF) program, chartered in 1984. Its primary objec-
tive in 1986 was to “...gather empirical data on the vulnerability of the US front line
fixed and rotary wing aircraft to foreign weapons and the lethality of US weapons
against foreign targets (27)." This program and similar programs gather empirical
information to assess and improve US aircraft survivability. Some of these tests
simulate surface-to-air and air-to-air weapon threats against US aircraft. One such

threat is the High Explosive Incendiary (HEI) projectile.

Several scenzrios are empirically simulated for HEL. One scenario is the quick
aanp fuel ingestion caused by HEI penetration of a common wall between the fuel
cell and the aircraft engine. Another is the vulnerability of hydraulic lines used
to vontrol the aircraft against HEI (27). There are also test scenarios designed to
test the ability of a defensive subsystem to mitigate or defeat the HEI threat. Oue

such subsystem test is being done by Wright Laboratories, WL/FIVS. That office is
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conducting performance tests on the ability of various fire suppressant subsystems

to extinguish dry bay fuel fires coused by HEI (17).

The protection of aircraft dry bays .epresents one of the most critical
applica‘ions of halon fire extinguishing agents and is fundamental to air-
craft curvivability. Currently, Halen 1201 is used because of its cleanli-
ness, dispersal characteristics, and effectiveness against a wide variety of
fire threats. It is likely that no one agent will replace all of the uses of
tlalon 1301 on an aircraft, and several different agents may have wo be
employed. (17:3)

A replacement for halon is sought because recent “...calculations and lim-
ited experimental data indicate that halon, like chlorofluorocarbons (CFCs), deplete

stratospheric ozone (17:1).”

The problem investigated in this thesis is the 23mm REI threat to the dry bay.
Figure 2 shows one possible breakdown of this problem. Only the ‘HEI Fragmenta-

tion and Blast Pressure’

sub-problem is addressed by this thesis. In a separate research effort, Crawford
is addressing the ‘Fuel Cell Explosion’ sub-problem (8). These two sub-problems
culminate in <imulations which will be combined in a follow-on thesis to form a ‘basis’
simnulation. The sub-problems illustrated outside the central box will most likely be
addressed in :ubsequent theses and integrated into the basis simulation. In chis way,
a full computer iaplementation of the problem will be developed. Subsequently,
this full scale simualation will be iteratively used and improved along with a reduced

empirical study of the HEI fuel fire threat to dry bays.

1.1 Background

1.1.1 Current Programs Virtualty all of the work to assess and improve air-
craft survivability is empirical. There are two computer programs which run attack

scenarios against aircraft. These programs are used to predict damage and the cost to
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repair that damage. The two computer programs, COVART (21) and HEIVAM (6),
assess an aircraft’s vulnerability to API [non-explosive projectile] and HET projectiles
respectively. The use of these computer programs in the study of HEI fuel fires in
the dry bay was considered and rejected because of their complexity, and large input
requirements. Also, the programs do not model the actual HEI processes. Instead,

they predict damage based on statistical probabilities.

1.1.2  Cost of Empirical Study The cost of empirical tests is very high. Entire
aircraft are shot, exploded, and repaired so they can be shot and exploded again.
This of course means that the aircraft must already exist, and that many man hours
are spent setting up the tests. If the tests were not empirically based, or could be
done prior to aircraft development, the cost of changes indicated by the tests would
be relatively small. But, because the aircraft already exist, empirical studies reveal-
ing excessive vulnerability may require modifications to be made. Modifications to
already constructed aircraft are very expensive. Thus, the high cost of post produc-
tion empirical testing is incurred from both the tests themselves and any aircraft

modifications.

Because of the high cost of empirical testing, any improvement or reduction of
the number of tests conducted can save considerable costs. However, any improve-
ment or reduction of empirical test can not be done at a cost to aircraft survivability.
Sufficient tests must be done to assess the vulnerability of the aircraft and reduce
it if possible. Likewise, any testing that can be conducted prior to the aircraft’s
production can save the considerable Lime and expense usually associated with mod-

ifications and retrofic.

1.1.3 HEI Ezplosion An HEI projectile explodes. Because of this it poses
a potential fire threat and the fragments expand the area of damage. This is in
addition to the physical damage caused by the penetration of the projectile. The

explosion is triggered by the fuse which is triggered by the impact of the projectile

On




nose against the aircraft surface. Fuse triggering is referred to as ‘lg,” or ‘initiation.’
The explosion is initiated by the fuse and therefore occurs a finite amount of time
after detonation. The explosion may be delayed or occur ‘super-quick’ based upon
the fuse type. As the projectile penetrates into the aircraft the fuse ignites the
explosive charge stored within the HEI body. Upon explosion the outer shell of the
HEI fragments. These fragments spread in radial patterns which widen the damage
area. The incendiary characteristic of the HEI enables it to ignite fuel or other

flammable fluids exposed by the projectile or its fragments.

Fragments radiate out from the explosion point in relatively uniform patterns
around the axis of the HEI projectile. As the fragments radiate out they expand
the area of damage beyond that of a nou-exploding projectile. They also enhance
the HEDs ability to cause a fire. Both the fragments heated by the explosion, and
the incendiary particles within the explosive are capable of igniting fuel or other
flammables. The radial pattern of the fragments is based upon the velocity of the
HEI projectile, and the normal fragmentation patterns from a static detonation

(6, 28, 16). Section 2.4 describes the fragmentation characteristics.

1.1.4 Blest Pressure In addition to the fragments, the HEI explosion gen-
erates a pressure wave. This pressure wave increases the stress on the aircraft and
increases the chance of fire. The stress alone can cause structural damage (6). All
blast and/or pressure waves caused by explosions have similar characteristics. The
specific results of any wave are dependant not only on the exploding material and/or
object, but also the surroundings. The surroundings can alleviate the pressure or
concentrate it (22). The wave can also be contained or redirected (7). Although
pressure waves have been studied in various forms, little empirical data is available
on HEI blast pressures. Section 2.5 describes the current understanding of HEI blast

pressures.
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1.1.5 Fire Suppressant Tests In empirical tests, the explosion of an HEI is
intended to ignite the fuel substitute so that various fire suppressant systems can be
tested. The fire can be ignited by the HEI explosion, hot {fragments splitting {rom the
exploding HEI, sparks from pierced metal or electronics, or high pressures combined
with a spark or hot fragment. To protect against fuel fires or explosions caused by
the HEI threat, Halon 1301, nitrogen, and foam have been used or considered (DTIC
AD-B030-104). A fuel cell fire usually results in the loss of the aircraft.

Engineering a better fire suppression system to put down or guard against the
HEI threat requires complete understanding of the processes leading up to the fire.
The first major process is the HEI explosion and its resultant fragnicnts and blast
pressure. Other major processes include interaction of fragments with miscellaneous
components in the dry bay; blast pressure movement and dissipation conditioned on
the characteristics of the dry bay; dynamic interaction between hot fragments, blast
pressure, and the fuel tank. Each of these can be subdivided into sub-processes and

events.

WL/FIVS is conducting empirical tests now. Their test setup is a facsimile of
an uncluttered dry bay This facsimile is a 3 by 3 by 8 feet rectangular structure.
The HEI projectile shot at this structure would travel a short 3 foot from striker
plate to target plate if it did not explode. A fuel cell is placed on the back side
of this structure as the target plate. The confines of this structure are assumed by

WL/FIVS not to reflect any blast pressures prior to the explosion of the fuel cell (4).

The empirical model is uncluttered by the usual components and subsystems
although provisions have been made .> accommodate these in later tests. Without
this clutter blast pressure effects, hydraulic fluids, and sparks from electronics are
ignored (4). Currently, the empirical model consists of a striker plate representing
the aircraft surface, and a fuel cell located 18 inches behind the striker plate. The
projectile used is a 23mm HEI shot at a muzzle velocity of 3200 feet per second. The

mock fuel cell is filled 6 inches deep with a flammable fuel substitute (4).
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1.2 Purpose

The purpose of this thesis is to simulate the fragments and blast pressure
generated by the explosion of an HEI. In preparation for this, all subject matter

pertaining to the propagation of HEI fragments and blast pressures is reviewed.

The review of HEI blast pressures is augmented with material not specific to
HEIs when such material specific to HEIs cannot be found. However, the depth of
these non-HEI reviews will be limited to the fundamental concepts of wave shape,
propagation, and intensity. Therefore, because no HEI specific, in-depth information
is available, no material is presented on the thermodynamic nature of the blast

pressure nor the aerodynamic nature of fragments.

1.2.1 HEI Simulation The simulation is a modular implementation in SLAM
I[I. All modules are written in FORTRAN thus allowing for easy enhancement and
up-grade. Only the characteristics and options associated with the 23mm HEI are
simulated. Both the fragmentation characteristics and the blast pressure character-

istics are modeled.

1.2.1.1 Setting the Scenario. The simulation model is data driven. As
such, all of the salient characteristics of a particular HEI threat, and any performance

options are easily set and changed without recompilation of the program code.

Although the simulation can be used as a stand alone system with which to
study fragmentation characteristics, it is not intended to stand alone. If is intended
that future enhancements will integrate other simulation models including the fuel
cell explosion model as shown in Figure 2. The integrated models will simulate the

entire HEI threat to the dry bay including all events and processes.

1.2.1.2 The Beginning and the End. Because of the intended integra-
tion of this simulation model, only the time interval between the initial projectile

impact and the last fragment impacts or passes the target component is simulated.




The target component for this thesis, is defined as a flat surface some specified dis-
tance from the impact or entry point of the projectile. Other target component

characteristics must be defined by the integrating model discussed above.

1.2.1.3 The Dry Bay. A final limitation of the model developed is its
supposed surroundings. Although the surroundings of a real dry bay or some other
area within an aircraft have boundaries with miscellaneous obstructions within those
boundaries, this model will not. The model will assume an open area where only
the impact point and the target component exist. These assumed surroundings
match those used in the cuirent empirical tests conducted by WL/FIVS for fuel fire

suppressant systems (4).

The simulation model developed does have the capability to include other
components. But these components only act as barriers within the dry bay. There
is no defined interaction between these other components and the fragments or blast
pressure. Therefore, when a fragment impacts one of these other components, the

fragment is stopped and has no chance of penetrating the component.

1.8 Problem Specifics

The main thrust of this thesis is to model the propagation of fragments and
blast pressure through an open [no walls], free of clutter, dry bay to the target
component. Only the fragments and blast pressure are simulated. Damage estimates
and subsequent explosions other tuan the HE] are not simulated. For instance, the
explosion of an attacking HEl, the generated fragments, and the blast pressure, are
simulated from the point where the HEI first strikes the aircraft, to the point at
which all fragments and the blast pressures reach or pass the target component.
On the other hand, the explosion of the fuel cell and any associated fire are not

simulated.
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The simulation model developed for this thesis has the ability to be joined with
simulation modules such as the fuel explosion mentioned above. Other models may
simulate component fires, explosions, etc .... This modular characteristic allows
flexible use of the simulated HEI explosion. Follow on embellishments may further
allow various obstructions to be placed between the aircraft skin and the target

component.

1.3.1 Testing In order to fully understand and simulate the fragments, the
dependencies listed below need to be tested. Unfortunately the data necessary for
these tests is disassociated and incomplete. Therefore, Chapter 3 presents empirical
indications of these dependencies derived from the literature, and simulates the HEI
as though these dependencies had been proven. The results of simulations with and
with out these dependencies are then compared. Chapter 3 also outlines the data

and tests needed to conclusively prove or disprove these dependencies.

e The dependence between a fragment’s size/weight and its velocity when stati-

cally detonated.

e The dependence between a fragment’s position within the projectile casing

prior to explosion and its direction of flight when statically detonated.

o The dependence between a fragment’s size/weight and its position within the

casing prior to explosion.

e The dependence between the blast pressure and the fragment directions.

1.3.2  Blast Pressure There is little information specific to HE! blast pres-
sutes. There is some available on 30mm HEI rounds which was recorded only in the
test notes from the Gilbert study which were never published (15). Other sources
provide similarly limited data on HEI blast pressures. All of this data and other
general information about blast pressures will be combined to form a hypothesized

pressure wave for the sitnulation (31, 7, 22, 23, 6).
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1.8.3 Inputs Inputs to the simulation are through data statements. The
inputs control the selection of subroutines and the characteristic to be simulated. The
inputs include at a minimum, information for target placement, the target’s forward
velocity, the obliquity (attack) angle and rotation, the projectile type, projectile
velocity, and fuse delay. The target placement information describes the relative
displacement of a bounded plane from the entry point of the HEI into the dry bay.
This target can be any size or shape. It can also be place at any angel within the

dry bay.

1.8.3.1 Atlack Profile. An exploding HEI has different effects in differ-
ent situations. The effects in a given situation depend not only on the HEI itself
but also the target. The target itself may be moving. Therefore the relative velocity
and orientation of the IIEI to the target aircraft is very important. This relationship
affects the HEI penetration capability and fuse functioning. The fragment pattern
and residual velocity are affected in a similar manner. Even the blast pressure is

affected.

1.3.3.2 Fuse Control. The explosion timing is controlled by the fuse

type used. All fuses are triggered by the HEI nose impacting the aircraft surface.

A super-quick fuse causes the HEI to explode in about 300 microseconds (16).
For a projectile traveling at 2800 feet per secend ihis fusing action allows the HEI to
travel about 10 inches as calculated below. An HEI with a delayed fuse penetrates
the aircraft much further before exploding (6). The length of delay depends directly

on the fuse type.

2800t /sec * .000300sec = 0.84 ft = 10.3inches

1.3.4 Outputs Output from the simuiation include time indexed data on the

fragments and the blast pressure. This data includes the following information for
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each fragment striking the target. Histograms describing the radial position of frag-
ments striking the target, their velocity, and their weight are also output. In addition,

the pressure placed upon the target, indexed through time is output.

Time of impact.

Location of impact.

Impact obliquity angle

Impact velocity

fragment weight

1.3.5 Fragmentation Pattern The fragmentation pattern generated on the
target surfrce. Therefore, if a projectile enters the dry bay at an angle [anything
other than a u' obliquity angle], the fragment impact pattern generated on a target

plate that is parallel to the aircraft surface, will be elliptical (28).

1.3.6  Target Surroundings Although not included in the simulation model
developed, the effects of target surroundings are mentioned here for completeness.
After the initial impact and penetration of the HEI, other components in the dry
bay and the dry bay structure itself affect the fragments and blast pressure. The
components can be general clutter, {uel lines, kydraulic lines, etc .... These can stop

fragments before they reach the target component or cause undesired side effects.

The physical boundaries of the dry bay can magnify or redirect the blast pres-
sure. The pressure wave, in effect, bounces off the walls and any components in its
path (22, 23, 7). The interaction and resultant effect is nearly impossible to specify.
Other systems within the dry bay may actively or passively mitigate the effects of

the blast wave (29).




Although these components and systems are not included in the simulation
model developed here the design will provide for their later inclusion. Therefore,

these options and salient characteristics must also be driven by data statements.
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II. Literature Review

In depth vulnerability analysis of material targets to impact by Soviet
23mm High Explosive {HE) projectiles requires detailed data on the fuz-
ing and terminal ballistic characteristics of the projectiles. The proba-
bility that a target will be defeated as a result of impact by a 23mm HE
projectile is, in most cases, a function of: (1) the trajectory and point of
impact of the projectile on the target, (2) fuze functioning characteristics,
and (3) the effectiveness of the damage mechanisms (fragments, blast and
fireball) associated with a detonating projectile in killing critical compo-
nents. As an example, in the case of "soft” targets, such as aircraft, HE
projectiles with delay action fuzes can perforate a lightweight outer bar-
rier and detonate close to critical components. The vulnerability of the
critical components may vary as the distance between a critical compo-
nent and the HE projectile detonation varies. The existing data base on
the effectiveness of Soviet 23mm HE projectiles is limited in many cases
to ad hoc test results. (25:9)

2.1 Overview

In this literature review four general topics are covered. The first two top-
ics discuss the computer programs HEIVAM and COVART respectively. The second
two topics discuss the HEI projectile detonation characteristics of fragmentation and
blast pressure respectively. The basic function of both the HEIVAM and COVART
computer programs is the same. Therefore, a full description of their logic is pre-
sented in the HEIVAM section and only the Jifference discussed in the COVART
section. The purpose of both these programs is different from the purpose of this
thesis. These differences are also pointed out in the first two sections. To facilitate

reading, the program developed for this thesis is referred to as T'S.

Section 3 and 4 introduce the culmination of data and an.lysis used to describe
HEI explosions and their effect. In some cases, there aie inconsistencie;, beiween
sources in the literature. These inconsistencies a1 ighlighted and discussed in

this chapter. Selected inconsistencies pertinent to the simulation developed for this

14




thesis, will be further discussed, analyzed, and experimented with in Chapter 3.
The data necessary for the experimentation is introduced here along with the source

literature.

There is also one source that inaccurately describes the triconometric relation-
ship of the projectile fragments to a target plate. Proof of the inaccuracies and the

correct relationship is
presented.

The last section highlights supporting literature not directly used in this study.
The literature sources reviewed in this section provided the author with invaluable
insight and background information. These sources may lead the reader to particular

HEI topics of interest.

2.2 HEIVAM

HEIVAM stands for High Explosive Incendiary Vulnerability Assessment Model.
The key words to focus on are vulnerability assessment. As quoted from the User

Manual:

The program predicts damage to aircraft targets when attacked by small
(20- to 40-mm) high explosive projectiles (with either contact or delayed
fuzes) by determining damage at a component level and using fault tree
methodology to combine the component damage values into an overall
prediction of damage to the target.

(6:Vol 1, DD FORM 1473).

Much of the text describing this program is quoted directly from the User and
System Manuals. An accompanying commentary provides insight into the similarities
and differences between the HEIVAM and TS programs. The purpose of presenting
both the descriptive quotation directly from HEIVAM manuals and the commentary

is two fold. One, the reader is provided a great deal of information and insight
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into the fundamental processes occur:ing within the explosion of an HEI. Two, the
reader is shown how these two programs are similar in basic approach and content,

but differ greatly in purpose and detail.

2.2.1 HEIVAM Focus The main focus of HEIVAM is to predict damage.
This damage prediction is done on a massive scale as the entire aircraft is assessed.
The vulnerability or exposure of each component aboard the aircraft is assessed for a
given attack situatioa. The component vulnerability is then translated into a damage
prediction based upon prcbability data input by the user. A fault tree describing
the interrelationship of all aircraft components, is used to combine the individual

component damage probabilities into an aircraft damage prediction.

HEIVAM uses probabilities to predict damage instead of modeling the actual
damage causing processes. In contrast, 1S partially models the HEI damage causing
processes. This is the primary distinction between HEIVAM and TS. In addition,
the purpose of HEIVAM is to output a damage prediction for the aircraft. The
TS program outputs a description of the processes occurring throughout the time
leading up to a damage ¢vent. In the simplest terms, HEIVAM looks at the expected
aircraft damage from a particular HEI thireat; TS looks at the processes and events

initiating a particular type of damage to a particular component.

2.2.2 Vulnerability Analysis In the following excerpt from the HEIVAM User
Manual the complexity of this program is more fully appreciated. Several programs
must be run prior to starting the vulnerability assessment. These programs include
FASTGEN (10), SHOTGEN (18), PGEN (26), BPLOC (no documentation of this
program has been developed), and CONVERT (9). Figure 3 graphically shows the
relationship between all these programs. In turn, each of these programs has its own
input requirements. Understanding the full impact each program has upon HEIVAM

is important to the understanding of HEIVAM output.
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Before reading the following excerpt, a few definitions are in order.

attack aspect This is simply the angle and direction at which the HEI projectile
approaches and subsequently encounters or strikes the target aircraft (6:Vol I,

pp.2)

burst point The point in space where the HEI projectile explodes is describzd in
3-dimensional relation to the target aircraft. This point can be either internal

or external to the aircraft (6:Vol I, pp.2).

grid size A grid is most easily visualized as graph paper. It is usually used in
conjunction with a specific 2-dimensional view or picture of the target aircraft.
The grid size is usually scaled so that the length/width of one square is equal
to a specified size on the scaled view of the target. This specified size is often

two, four, six, or eight inches (6:Vol I, pp.12).

high density rays The spray of fragments from an exploding HEI are characterized
as rays. A high density of rays is descriptive of the normal fuse functioning of

an HEI projectile. This is also referred to as a high order detonation (6:Vol 1,

pp.6,19-20).

low density rays The spray of fragments from an exploding HEI are characterized
as rays. A low density of rays is descriptive of a non-normal detonation of an
HEI projectile. This most often occurs when the projectile strikes the target

aircraft at a very }:gh obliquity angle. This is also referred to as a low order

detonation (6:Vol 1, pp.7,19-20).

obliquity angle An angle, usually measured in degrees, describing the relationship
between a project le (or {ragment) flight line and a reference line which is

normal (perpendicular) to the target impact surface.

high density component Usually associated with a very small, relative to the grid

size, compact component (6:Vol I, pp.6).
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low density component Usually associated with a component which is relatively

large compared to the grid size (6:Vol I, pp.7).

radius addition A distance which is added to all sides of a component’s defining
limits (length, width, and depth; front, back, top, bottom, and sides). This en-
largement of the component is used to account for the possibility of a fragment
or projectile grazing the component. Fragments and projectiles are modeled in
HEIVAM as lines which have no width or diameter. Thus, if this line strikes
the enlarged (via radius addition) component, then a projectile or fragment
with real volume would have struck the component. The distance added via

radius addition is dependent on projectile or fragment radius (6:Vol I, pp.9;

Vol 1, pp.320).

A vulnerability analysis is a study of the interaction between a munition
(or weapon) and the target attacked. In the context used in HEIVAM,
a vulnerability analysis is performed to determine the effects on an air-
craft target system produced as a result of an attack by ...[an HEI]. To
begin, an analyst must first have a digital geometric model of the desired
target aircraft, a knowledge of the intended function of the aircraft, and
a knowledge of the operation of the various systems used in the aircraft.
...[The digital geometric model] must be converted to descriptions con-
taining only triangles. Therefore, a computer program called CONVERT
is used to pre-process a BCD [binary coded decimal] file.

... This output file is then input to either the FASTGEN or SHOTGEN
computer programs, both of which trace shot lines through the target
from user-specified attack directions, and produce an output file contain-
ing burst point location coordinates and descriptions of the component
surfaces encountered along each individual shot line. Execution of either
program requires that decisions be made as to the grid size and radius
addition to be used, and the attack aspects that are to be considered.
These programs create a grid, large enough to cover the limits of the tar-
get, in a plane normal [perpendicular] to a line representing the attack
direction, and pass one shot line through each grid cell. ... The shot
line file is then input to the PBLOC computer program maintained by
AFATL/SAV to create an adjusted burst point coordinate file. These
adjusted burst point coordinates reflect detonations at varying distances
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beyond the first surface encountered dependent upon fuse functioning
characteristics (contact of delayed). This file is coupled with the shot
line file and input to a modified version of the PGEN program. Input
data to be provided by the user for the PGEN program include a list of
critical component code numbers, the average expected radius addition
for a fragment, the number of great circle divisions to be used when cre-
ating high-[density] and low-density rays, and codes indicating whether
a specified critical component is a high-[density] or low-density compo-
nent, a centroid component, or is to be ignored. ... Now that a burst

point library has been obtained, preparations can be made for execution
of HEIVAM. (6:Vol 1, pp.11-12)

2.2.83 Relevant Use Because of its complexity, HEIVAM is not often used for
studies involving subsets of the damage prediction model. At one time, HEIVAM
use was considered for the study of fuel fire retardant/extinguisher. One of the
major difficulties of this would have been piecing together information, processes,
and output required from subsets of the various input programs referenced above
and the HEIVAM program itself. The only way to properly do this without piecing
together and writing new code, would be to run the entire system (of programs) with
all the associated inputs. Even after doing so, the answers would be only partially

itluminated.

HEIVAM would predict whether the fuel cell ignited based on the allowable
HEIVAM defensive systems, and then output a damage assessment for the aircraft
based upon this. The purpose of the fuel fire study is to test and evaluate prospective
fuel fire retardant /extinguisher systems. HEIVAM defensive systems only allow the
implementation of three inch thicknesses of flexible or rigid void filler foams, or no
void filler at all (6:Vol I, pp.38). No Halon 1301, Nitrogen systems, nor any other
such systems can be tested in HEIVAM. In addition HEIVAM always assumes an
optimal combination of fuel and air for combustion. This may or may not be desired

in cach fire suppiess